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® The ATLAS detector

® Overview of low-x
measurements at ATLAS

® Forward jet production and
calibration

® Analyses:

|. Inclusive forward jet cross
section measurement

2. Dijet production with
a jet veto

3. W charge asymmetry T

o Summary Newport News park
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The ATLAS Detector

® |ength:44 m

Diameter: 24 m Tile Calorimeter Liquid Argon Calorimeter
® Central tracking Muon detectors

In| <25

® Excellent EM and
hadronic calorimet

- LAr calorimeter

- Hadronic tile/steel
scintillator N

- Total coverage:
In| <4.9

® Muon
spectrometers

" FCal1 FCal2 FCal3

® /ero-degree

calorimeter FCal: 3.1 <|n| <49
Designed to operate in very
high rate environment
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Low-x and forward measurements at ATLAS

24
Example analyses presented here: S 10 e s PRI S L A
8 1021__de’[ =37 pb”', \s=7 TeV O 03<Iyl<08 (x10%)
|. Forward jet inclusive cross section S e = ?32:§:§lf§i18§ =
10°E T - A 21<lyl<28(x10°) ]
(IOW-X gluon PDF, BFKL) Q- Oo— O _o— A 28<lyl <3.6(x10° )—:
>,1O15_— —O— —— Y 36<lyl<4.4(x10°)
. . S = _Q__O__O_ -4 . 6<lyl <4.4 (x )::
2. Rapidity separated jets 10125 . —— . e, =
(BFKL and other QCD phenomena) ¥ o= ] _'_—-—_._____O"O‘—o—_o__o__'_-'-_.__._:}
o -~ Y -y oo -
3. Muon charge asymmetry from W CHE T, T Ty e =
(u and d quark PDFs) 103/ TTe e S
—=- —
1 A =+ _ | =
Example of other “small-x"" analyses 103E L T\ =
® Inclusive particle production in pp, Pb+p  10°E NLOCD (OTEQ 6377 =
and Pb+Pb collision data 109 e ATL. S Preliminary | 3
2

® Rapidity gaps measurement: 10 p1[OGeV]

Inclusive diffractive cross section as a . . T

, s . Inclusive forward jet cross section:

function of rapidity gap (in progress) 2.8 < [yied| < 4.4

® Measurement of the underlying event

® Transverse energy flow in the forward
region
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Forward jet production
® Consider LO dijet production . .
® Both jets balanced in transverse plane CM: / ey

® Rapidity separation:
Ay =lyi1—y2| =2 y* .
. y2=-y

Parton momentum fraction x given by

Xt = (2p7—/\/§) eYboost cosh y*
x2 = (2p7/+/5) € Pt coshy* | AB:

Yi =Y*+Yboost

.
® Potential to probe the low-x regime: high-x quark

«—
low-x gluon

Y2= _Y*+Yboost

Example:
pr= 20 GeV, yI=Yy2=-4.0
= )'* =0, Yboost = 4.0

= X2~ 10 (v/s = 7TeV)
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® Consider LO dijet production
® Both jets balanced in transverse plane

® Rapidity separation:
Ay = |y1=y2| = 2 y*

® Parton momentum fraction x given by

Xt = (2p-,-/\/§) eYboost cosh y*
(2p-,—/\/§) e_.yboost COSh y*

® Potential to probe the low-x regime:

X2

Example:
pr= 20 GeV, yI=Yy2=-4.0
= )'* =0, Yboost = 4.0

= X2~ 10 (v/s = 7TeV)

- S 1 Bt ol ol G - C @aaa i g
R T P N T A TP P RO DTy Ay e ) e e £ Ak s A A 8 i 2 AR B i A £ 5 - Bl

= (M/14 TeV) exp(zy)

1,

M=10TeV ~

Yy = (Y1 + ¥2)/2 = Yboost
M=Q=2prcoshy

Here, \/s = 14 TeV, and

Dag Gillberg (Carleton) Small-x and forward measurements at ATLAS

DIS, April 11, 2011

6



Forward jet calibration

Q1_2_|||||||||||||||||||||||||||||||||||||||||||_
- - ATLAS Preliminary Anti-k, R=0.6 Cluster Jets
B 44 30<pl®<45GeV paference EM+JES Calibration -
Central reference < s 't , i
jet (utag”) o b % ________ : l I"eglon _4__*_:
0 & AT | e
£E81s 1;$‘—$_’—21=_ —4= ! ]
S5ig ¢ —D—+—g— T=t=
i © 2 09F I —4—4— e
Fgg::;z’j-?t 1 = -8 -Y-% ---------- 4 —o— Data 2010,\'s =7 TeV , ,
e e T . O o - - Pythia —— Alpgen -] Showering by Herwigt+
| 0.8 | | e ch—:‘rwig++| —— Perugia| | | ]
® Forward JES uncertainty established g 12—t 71—
. (] A .
using pt balance of dijet events S
O ]
= 09 -
® Non-perfect balance due to (forward) = gl i

.. -4 -3 -2 -1 0 1 2 3 4
radiation effects and UE, Jetn

. . .. . 0.25 ,
Iarge dlscrepanC|es Of Pred|Ct|OnS _:% N Anu-k,moetM‘Jts,as-:;q1<45.0m;.2ol1ou.qon:ccmlooco,cu; i
. . b~ C + Herwig + Jimm v oise Thresholds )
from different physics models 8 02F % leccawmmionnoncosre - PYTHAPerugazoio
3 : Single particle (calorimeter) *  Additional dead material:
¢ Result: large JES uncertainty for . __ § g mercenen ) o RS neenany 2
. e -y, % : :
fOI"W&f'CI ]etS at IOW PT 7y 0 1: ; ATLAS Preliminary ]
0 - .
® Under active investigation ... > F ; 3.6 < |Njee| <4.5] 3
5 0.05 o .
. o) § L . i
Central JES uncert.: <2.5% for 60 < pt < 800 GeV £ A T E
30 40 50 6070 107 2x10°
Papers: Dijet balance: ATLAS-CONF-2011-014,|JES: ATLAS-CONF-2011-032 pr [GeV]
P J *
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Inclusive jet cross section

;‘ T | LI I ! | LI LI | ! I.I ! l L | LI I.l LI I. ! | LI ! ! | L . Ma]or eXtenSion Of
O B Inclusive jet cross section kinematic reach - .
Q . I Wwinter 2011,fL dt = 37 pb” low pr and forward y
w10 =
(D) e T _ .
= inematic fimit 1 ® Jet algorithm at ATLAS:
2 -k i =0.6 — . — —
%10 HER A= T Anti kT, R=0.4 and R=0.6
\'s=7TeV _
54102 | ® Comparison with

prediction from various
PDF sets and NLO+PS
predictions

10?
50

® Measured cross section

S S S S T B unfolded to particle level
O 05 1 15 2 25

20

jet rapidity Iyl ® NLO predictions
corrected for non-
perturbative effects

Probing gluon PDF down to x=10"*

More details about this analysis given in separate talk by '_
I Ximo Poveda Torres at this morning’s QCD Session  §

Publication: ATLAS-CONF-2011-047
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Inclusive forward jet cross section

-

differential cross section:

Inclusive jet double-

d?o/(dy dpr)

Dag Gillberg (Carleton)

Data and NLO pre-
dictions using different
PDF sets over CTEQ
6.6 prediction

NNPDF, HERAPDF |.5
and in particular MSTW
2008 agree better with
data than CTEQ 6.6

Experimental
uncertainty is quite large

at low prt and forward y
due to JES

.6

Ratio wrt CTEQ 6

1.5 o1 <yl <28 ATLAS Preliminary  — [ Lot=s7 po
- NAEE T, L 1 Vs=7TeV
1 —+ n -y -, L MMl S e ® ] . .
e T e - anti-k; jets, R=0.6
: : Data with
05 N — @ statistical error
1 5 - T Systematic
- — uncertainties
: m ------ :
1 H+-0—4§ ]
B ' -]  NLO pQCD x
[ — Non-pert. corr.
0.5 _‘ —
— - CTEQ 6.6
1.5F =
B 36<lyl<4.4 1 = wsTw 2008
1 __ = e S R = ; —_ oo
- AG';-—;W“‘\; 1 = Z NNPDF21
0.5 o™ ]
" — @ 1 ='. HERAPDF15
2 3
10 10

p, [GeV]

Inclusive jet double-differential cross section as a function of jet pr in different forward
regions of |y| for jets identified using the anti-kt algorithm with R = 0.6.

Small-x and forward measurements at ATLAS DIS, April 11, 2011 9



Inclusive forward jet cross section

® Baseline comparison: ——————— ———————————————
Inclusive jet CIID"OSS 8 1.5 :_+—+— 21<lyl<2.8 ATLAS Preliminary _: det=37 pb”
section from NLO Cg_ T e ] Ns=7Tev
pQCD ® 1 :__.__‘__._ | antik, jets, R=0.6
o MSTW2008 PDFset = .| ] e vmwm
used for all predictions + 15601 ] Svetematic
= u —— 28<lyl<36 ] uncertainies
¢ The Powheg NLO o M= - .
generator is interfaced % 1 :_—‘_—O—ﬁ%** — (MSTW 2008)
to PYTHIA 6 and o j 1 rosbens pyie
HERWIG for PS and O5F ERCGE
hadronization 1501 3_6'<’U’/|<4_4 S e Poneg e
(first time NLO+PS used §++++ :
: ) 1 B -
fo.r |ncluswé jets!) | +++—_:f+ :
® Discrepancies are being 0.5F P —
investigated by Powheg C T
authors 102 10°

p_[GeV]

The ratio of the Powheg predictions showered using either Pythia or Herwig
to the NLO predictions corrected for non-perturbative effects is shown.
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Dijet production with a third jet veto

® Measurement of “gap fraction”:

Fraction of dijet events with no jet in rapidity

range Ay bounded by dijet system

® No jet in gap with pt above jet veto scale Qo

® Probe several QCD phenomena:

(A) Wide-angle soft-gluon radiation
when avg.jet pr>> Qo '«

‘v
!’ \
f\
{ \
g

Gap Region

boundary jets

N

v

5

(B) Large Ay separation v | "wide

4

= potential to test BFKL-like .
dynamics

(C) Colour singlet exchange when
events have high pt and large Ay

Dedicated boundary jet definition
to probe scenarios (A) and (B):

(A) Leading two jets in pT
(B) Most separated iny

Ay
O PP Forward BFKL  *Non-forward BFKL'
- ::t (Mueller-Navelet jets)  (Mueller-Tang jets),
"~ ~ OO RS
W T AE — B
~S~g I---------Io_r?D
.. Wide-angle soft a0
~.  radiation =
A oQ
s
Fixed order
,,{i‘_:—_-
TR "emptier" gaps
Qo
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Fraction of events with no jets in gap

C
HE]): =
Parton-level °
MC program &
based on a ©

BFKL kernel

Powheg:
NLO generator

interfaced to
PYTHIA and

HERWIG
MSTW 2008 used

for all predictions 2 [-

Note: Uncertainty
on data smaller
than uncertainty

on predictions
0

[ ] > < [e] [m] > <>

240 <ET <270 GeV
210 <i5T <240 GeV
180 <5T <210 GeV (+2.4)
150 <5T <180 GeV (+1.8)
120 <ET <150 GeV (+1.2)

(+3.6) —— Data (+syst)
(+3) I HEJ (parton level)

Selection A

90 <ﬁT <120 GeV (+0.6) Qo — 20 GeV
70 <T)T <90 GeV (+0)

ATLAS Preliminary

----- POWHEG + PYTHIA -

---------- POWHEG + HERWIG 5— 240<p; <270 GeV

Theory / Data

—

—_ D

--------- —

OO NP o O
1

oo

1 2 3 4 5

—— Data (+syst)

ATLAS Preliminary

[ HEJ (parton level)
Selection A ==== POWHEG + PYTHIA
Q,=20Gev e POWHEG + HERWIG

B T T

|||||||||||
||||||||||

= 70<p. <e0Gev =

o
-
)]
w L
N
ol
(o)}
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Number of jets in the rapidity gap region

g _IIIIIIIHIIllIIIIllllIlIlllIIIE;ItI(IIHt)IIIIIII_CU ATLASPre"m'nary ;g;‘j(‘;:::‘)'wen
- —— Data (+sys R _

HE]: c o - oo 1 S et - o e
‘@ ol v seavesrzn POWHEG + PYTHIA 1 — ____ et

Parton-level 3 7[ = 7V - powHEG +HERWIG| 2 [Ty o 4<Ay<5

MC Progl’am g : s 2<Ay<3(+1.7) Selection A : é) 1-:,..., PRy &y

based on a E gl vt o :
S = —

BFKL kernel Z | ATLAS Preliminary i

Powheg: ST e g B

NLO generator | .. 3% )

interfaced to

PYTHIA and

HERWIG

MSTW 2008 used
for all predictions 2|

| Many more details in
' Long Zhao’s talk on §

0.5

¥ Thursday afternoon §

”lwll llllIllllllllllllllllllllllllllllllllll- L L 1 M L . 1 "
Publication: 50 100 150 200 250 300 350 400 450 50 50 100 150 200 250 300 350 400 450 500

ATLAS-CONF-2011-038 P [GeV] P [GeV]
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W Charge Asymmetry

=

<
® W production larger than

W- at pp colliders due to
two u and one d valence quarks

® W charge asymmetry:

dO’W”+ /dnu o dO’Wp_— /d’l]u
dUWu+ /d?]u -+ daWu— /d’l]u
® Can help constrain

u and d PDFs approximately

for momentum fractions:
103 <x< 10

A, =

VS

0.35

0.3

0.25

0.2

0.15;

>

e

—+— Data 2010 \'s=7 TeV)
- MC@NLO, CTEQ 6.6

> MC@NLO, HERA 1.0

HHFHH MC@NLO, MSTW 2008

!!‘.*{l

i | dertd
- W — uv / N
- W RN
I ) 2NN i
i : )
__ \?\§ __
""" ATLAS -
Ll det 31 pb’ -
_I | | | | | | | | | | | | | | | | | | | | | I—
0.5 1 >

The muon charge asymmetry from W-boson
decays in bins of absolute pseudorapidity.

Paper: arXiv:1103.2929vl

.l
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Summary

:The ATLAS detector is working very well and is recording high quality data

ATLAS has already made several measurements that provide insight to
ow-x and forward physics

® |n this talk results were shown for:

—_— <«— low-x gluon
high-x quark

. Inclusive forward jet cross section

2. Rapidity separated dijets events with a third-jet veto
3. W charge asymmetry

These measurements, and several more measurement not shown here for
brevity, will be used to constrain QCD modelling

® Many more interesting measurements are on-going §

AR AR RA A AR RRR R RN RARRRRARAN
[ o 4<Ay<5(:33) —— Data(ssyst) 18

[ HEJ (parton level)
ceeee P

-
1
TTTTT

[ —— Data 2010 (/s=7 TeV)
[ #4% MC@NLO, CTEQ 6.6
3~ SN MC@NLO, HERA 1.0

—_
T

- P
T

Ratio wrt CTEQ 6.6
- o
o O,

b o
a1
TTITTTT

[ HHH MC@NLO, MSTW 2008 | iz
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Links to the publications presented

Analyses presented here:

® Dijet balance: ATLAS-CONF-2011-014
JES uncertainty: ATLAS-CONF-2011-032

® Inclusive jet cross section: ATLAS-CONF-2011-047
® Dijet production with a jet veto: ATLAS-CONF-2011-038
® Muon charge asymmetry from W production: arXiv:1103.2929v

A few other low-x analyses:

® Charged particle multiplicity, v/s = 7 TeV: ATLAS-CONF-2011-014
Charged particle multiplicity,+/s = 900 GeV: CERN-PH-EP-2010-004

® Measurement of the underlying event properties: arXiv:1103.1816

ATLAS public Standard Model result page
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-032
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-032
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-038/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-038/
http://arxiv.org/abs/1103.2929v1
http://arxiv.org/abs/1103.2929v1
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-014
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-014
http://cdsweb.cern.ch/record/1249427
http://cdsweb.cern.ch/record/1249427
http://arxiv.org/abs/1103.1816
http://arxiv.org/abs/1103.1816
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

Forward jet calibration

Goal: Measure eta intercalibration factor ¢ (function of jet n and pr) in dijet
events, needed to bring jet to same scale as in the reference region

Central Reference Method (aka Standard Method)

avg __ 1/ ,.probe ref Require jet in reference region.
pr-=3(PT +PT — - :
L Haifeng Li
A . pg_ob _p_rt_ef
e avg '
Pr Probe Jet

pProbe - 2+ :A) = 1/C
p  2—(A)

0.1 < lnrefl < 0.6

Matrix Method

. o
A = PT—Pr pleft < pright i=[1]2/3 /|5
pe= 2 "right jet"

R o pleft Cright . 2+<A>

—_— ptli-ght - Cleft T 2_<A>

"left jet”
=1112 4|5
Solve for all ¢; using matrix of lin. eq. F RiihF > 1

v
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Eta coverage: 8.0-8.6
Potential to access very low x ~10%
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The ATLAS Calorimeter and Inner Tracker

® Excellent LAr calorimeter,
200k channels, total coverage

In| < 4.9
® Hadronic tile scintillator/ | 7
. r hadronic v
steel calorimeter end-cap (HEC) = '
® Inner tracker, |n| < 2.5 -7 7
Silicon pixel e Ty,
Silicon microstrip _.--"" R |
TRT Le=" LAr electromagnetic /
L’ end-cap (EMEC)

LAr elec’rromc:gneljc ’
barrel ,°

- P
—
-

EEEEEEEY s -

, FCall FCal2  FCal3

FCal: 3.1 <|n| <4.9
Designed to operate in very
.... high rate environment
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Dijet production with a third jet veto

CC) 6|||||||||||||||||||||||||||||||||||||||||||| Data ( m
L _ - —— Data (+sys
H Ej: "(:'_) o 5<Ay<6, (+4) — Data (+syst) _.CE ATLAS Prellmmary [ HEJ (parton level)
CU [ HEJ (parton level) (4] Selection A ==== POWHEG + PYTHIA
Parton-level [ ° 4<w<s ) e POWHEG + PYTHIA e Q,=20GeV e POWHEG + HERWIG
---------- POWHEG + HERWIG -
(@N 3<Ay <4, (+2) >
MC program & s 4 & 2
(D B 2<Ay <3, (+1) Selection A | _CIC)
based on a o Q, = 20 GeV =

BFKL kernel

Powheg:
NLO generator
interfaced to
PYTHIA and _
HERWIG

MSTW 2008 used 2| o
for all predictions |

Note: Uncertainty |- -
smaller for data

| ATLAS Preliminary
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
p. [GeV]
T p. [GeV]
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